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[57] ABSTRACT 

A microstrip impedance matching circuit has fixed harmonic 
terminations in the form of a pair of open-circuited stubs, each 
having a length equal to a quarter wavelength of a' different 
harmonic frequency, connected to the main transmission line 
to cause the impedance at the harmonic frequencies to be 
made constant irrespective of the nature of the load im- 
pedance at the harmonic frequencies. 

3 Claims, 3 Drawing Figures 
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1 2 

MICROSTRIP IMPEDANCE MATCHING CIRCUIT WITH a 30 MHz signal supplied to a broadband multiplier circuit 15 

HARMONIC TERMINATIONS providing a 450 MHz signal at 1 mw. The signals present at the 

n a r vr-.o ni imti ™? -run iwx/Bvnnw output of the multiplier 15 are passed through a band-pass 

BACKGROUND OF THE INVENTION fflter ^ whichmay be^thefoniiof amicrostorip fiker circuit 

Strip line transmission systems or microstrip circuits are 5 if so desired, and the output of the filter 17 is a 450 MHz signal 

commonly used in microwave transmitters and receivers. One at0.5mw. 

use of the microstrip circuits is to provide an impedance In order to provide a signal at sufficient power to the antcn- 

matching circuit between the output of an amplifier stage and na of the transmitter, a microstrip amplifier circuit 18 

a load, which may be the input circuit of another amplifier or a , n responds to the output signals from the filter 17 to provide a 

band-pass or low-pass filter or the like. Microstrip impedance 450 MHz output signal at 50 watts. This signal is passed 

matching circuits are designed to transform the load im- through a harmonic filter 19, which preferably is in the form 

pedance to the complex impedance at the fundamental of a microstrip fitter, and from the filter 19 to an antenna 

frequency necessary for proper operation of the system. Such switch 20, which also may be a microstrip circuit, the output 

devices work satisfactorily so long as the load is a constant 15 of the antenna switch 20 then is supplied to a suitable antenna 

pure resistance at all frequencies. 22 for transmission. 

Certain loads, however, present the correct impedance at R^njunclidnWith a microstrip ampIifieVl8rU tsTieceswyr 

the fundamental frequency but present reactive terminations toVwide~an"imr^Q^nce^matdH^g circ 

at harmonic frequencies. Since RF devices are sensitive to outpufof thTtfansist67arnpHfi 

harmonic terminations, the power output and band width of 20 ti^hairobnicTdteTl9rThe impedance matchinV"circuit must 

the amplifier can be greatly affected. If the load is mismatched transform=the=Ioad impedance to the complex impedance at 

at harmonic frequencies, the power output of the amplifier is the fundamental frequency(450 MHz ) necessary for proper 

low and the response is skewed. It appears that the changing operation of the syste m. 

load at the harmonic frequencies shifts the operating point of Referring now tof FIG. 2, tfieWis-shown~an~im^ 

the amplifier and affects its gain at the fundamental frequen- 25 matchmg:network~utnizing"a rmcrostrip : transmi^ion:line in? 

cy. As a consequence, it is desirable to cause the impedance at accololnce^iw" 1 ^ 

the harmonic frequencies to be made constant. -phfe network-may be included as-part of the microstrip ampli- 

SUMMARY OF THE INVENTION ^ J*** " 38 indi f* d » dotted»ines in HGf The output 

of the impedance matching network then is supplied to a suita- 

Accordingly, it is an object of this invention to provide an ^ ble load, such as the harmonic filter 19 or someother load 

improved microstrip impedance matching circuit. such as additional amplification stages, and in FIG. 2. this toad 

It is a further object of this invention to provide harmonic is shown as a simple resistor enclosed in dotted lines and 

terminations on a microstrip impedance matching circuit, identified as load 23. 

causing the impedance at harmonic frequencies to be made ,~ The output transistor of the amplifying stage which is to 

constant. supply input signals to the input end of the impedance 

It is an additional object of this invention to attach stubs to matching network is shown as an NPN transistor 24, with 
the main transmission line of an impedance matching micros- input signals such as would be obtained from earlier amplifica- 
trip circuit, with the lengths of the stubs being selected to tion stages or from the band-pass filter 17 being applied to the 
reflect short circuits to the harmonic frequencies at the points 40 base of transistor 24. The collector of the transistor 24 is con- 
where the stubs are attached to the main transmission line. nected to a main impedance matching transmission line or 

In accordance with a preferred embodiment of this inyen- conductive strip 25, the other end of which is connected to the 

tion, a microstrip impedance matching circuit for coupling an load 23. The microstrip or strip line circuit is formed by at- 

RF amplifier to a load includes a conductive strip having har- taching the conductive strip 25 to one side of a sheet of dielec- 

monic termination circuit means coupled to the conductive 45 trie material 30, with the other side of the sheet of dielectric 

strip for providing a short circuit to signals of at least otic har- material 30 being covered with aground plane in the form of a 

monic frequency on the conductive strip; More specifically, conductive coating 31, best shown in FIG. 3. 

the harmonic termination is in the form of a quarter fd^n^rTthVimpedan^ 

wavelength open-circuited stub at the harmonic frequency, ft ra&^241othardf the load 23, ■ alf iEie^cTn^tiirS 
with the location of the stub on the conductive strip of the im- 50 J s tub^26"islcmmec^ed tathVconductive strip 25 atthTeTia^ar 
pedance matching network being such as to present substan- thTlrad 23. The dimensions of the stub 26 and the length of 
tially an open circuit at the harmonic frequency to the input of ^ strip 25 (for a gi ven characteristic impedance) may be 
the matching circuit and to present a short circuit to reflected chosen in accordance with well-known techniques to trans- 
signals at the same frequency. form lhe Ioad impedance to ^ desired complex jmpe dance at 

BRIEF DESCRIPTION OF THE DRAWING ^ fundamental frequency. So long as the load is a constant 

pure resistance at at) frequencies, the conductive strip 25 and 
FIG. 1 is a block diagram of a radio transmitter with which the stub 26 would be sufficient to provide a satisfactory im- 
the impedance matching circuit of a preferred embodiment of pedance match. 

this invention may be used; 60 Wnen a load such 88 the harmonic fflt « 1*. however, is 

FIG. 2 is a detailed circuit diagram of an impedance w used, the load presents reactive terminations to signals at har- 
matching circuit in accordance with a preferred embodiment mon ic frequencies since the filter 19, while exhibiting a pure 
of the invention; and impedance at a fundamental frequency, is mismatched at all 

FIG. 3 is a perspective view of a microstrip impedance harmonics of that fundamental frequency. As a consequence, 
matching circuit of the type shown in FIG. 2. fi5 rte power output or apparent gain of the amplifier is low and 

DETAILED DESCRIPTION ^ fre< l uenc y response characteristics are changed. In order 

to prevent the impedance matching circuit from being adver- 
Referring now to FIG. 1, there is shown an RF transmitter sely affected by the harmonics of the fundamental operating 
circuit of the type used in a mobile communications unit or frequency of the amplifier, open-circuited quarter wavelength 
the like. The basic operating frequency for the transmitter 70 conductive stubs 27 and 28 are attached at right angles to the 
shown in FIG. 1 is provided by a 30 MHz oscillator 10 which main conductive strip 25 and operate as harmonic termina- 
supplies signals at I mw to a broad band modulator circuit 11 . tions or short circuits at different harmonic frequencies. Thus, 
Audio input signals to be modulated are obtained from a con r . irrespective of the impedance which is connected at the out- 
ventional microphone 12 and are passed through an audio am- put or right-hand end of.the matching circuit, the harmonic 
plifier stage 13 to the modulator 1 1 , the output of which also is 75 impedance presented to the input or left-hand end is constant 
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0 i^^ a !^Jl eq T C ^J^ > COn ^ Me ? 8 OUS,y ' * e ^8* U is one-fourth the wavelength at the second 

2i * JZ£ Heir? I ^T° n,C " , , S ! Aat ^ StU ? ham,onlc or *• ofthefun- 

27 fa seected .to have a length 1, equal to one-fourth damental frequency, in order to provide a short circuit stub at 
wavelength of the third harmonic frequency and the stub 28 is the second harmonic frequency * 
selected to have a length I, equal to one-fourth wavelength of 5 The remaining dimensions I,, I, and I, indicated in HOS J 

• T 0,UC fr ^»« nc y «>f ^^amenwl frequency and 3 then must be chosen to provide the desired trantfornia 

2^^.1 I!H P '- Sh< ? r.^ 0, tion of the Input Impedance (8.9 4j 9.5 ohms) to a^O ohm 

28 then place a short circuit at these respective harmonic load at the fundamental frequency. To determine the relative 
frequencies on theories matching Ime 25 at the points where values of the impedances in the branch U and the branches 1. 
^T^Zt^Tf to^nelS.andthepositionofthese »° 1«, I, along with the lengths of these branches, it is necessary to 
shorrcircuit points for the harmonic frequencies may be ad- .tart at this amount (8.9 +j 9.5) and move o;0833 wavelength 

P^ent any desired reactive impedance to the input of the fundamental frequency (one-quarter the wavelength Tof 

r!^n°^TT M '^ arW ? 1 Myim ? edanCe ^ is third harmonic frequency) toward the load. The loa I then 

ZSJSTJf^t " C0 ? n !^ ir l P ara,el 15 »30(0.28dO.I9)or8.4^5.7 ohms. The load presented^ 

short circuits, so that changes m the load termination at har- 15 thelengthl,ofthestub27fa->(1.74)30-- 752 2ohms The 

^Jchi^SlT, Mnn0t a<TeCt T'^T ta,pe ?1 Ce 0t *' P^^t^tionctmim^^theto^^ 
matching circuit. Thus, a constant impedance at the harmonic by the length 1, between the midpoints of the stubs 27 and *8 

^Em^EuT ,u 20 P^ented by the length l„ the solutionis as follows: 

To provide optimum performance of the transistor amplifier z, = Z P Z2/(ZP-Z2) 

24, the input impedance at :the left end of the conductive strip Where 2, = paral'lel combined load, and Z2 = load 
25 shown in FIGS. 2 and 3 should match the output im- presented by 1,. ^ 
pedance of the transistor. For purposes of illustration assume Thus, 
that this impedance is 8.9 +j 9.5 ohms at the fundamental 25 

frequency. This is a typical value which may be encountered „ _ (8.4— j5.7 ) (+j52 2) 

in applications of the circuit. At the same time the input im- . ^*» — 8.4— j5.7+j52 2 *" 10 - 3- J 4 - 55 

pedance for optimum performance should be infinite at both 

the second and third harmonic frequencies. In the construe- Normalizing this to the 30 ohm line, as discussed previously 
tion of the impedance matching circuit, the stubs 27 and 28 30 provides previously , 

may be of any desired impedance, and for the purpose of illus- (10.3 -r/4.55)/30 = O.344-3O.152 

tration assume that characteristic impedances of the lengths I, moving 0.022 wavelength at the fundamental frequency CO,) 
and J, are each equal to 30 ohms. length on a 30 ohm line gives: 

In order to cause the input impedance at the third harmonic (0.365 -j 0.275) 30= 1 1 -/ 8 25 

to be infinite or an open circuit impedance at the input to the 35 As a consequence, the parallel combination of the length L 
strip conductor line 25, the length I, must be made equal to of the stub 28 and the remainder of the circuit to the right of 
the length 1„ namely a quarter wavelength at the frequency of the junction of the midpoint of the stub 28 with the main con- 
the third harmonic or a one-twelfth wavelength at the funda- ductive strip 25, which includes the lengths 1, and l„ along 
Sif riFfES F , 0T conV « ni !5 ce J characteristic with the length 1. of the conventional matching stub 26. must 
impedance pfthe length 1, also may be 30 ohms. 40 present an impedance of 11 -7 8.25. Although the length L is 

To provide an open circuit (infinite impedance) for the fixed at a quarter wavelength of the second harmonic frequent 
second harmonic frequency at the input to the left end of the cy, the impedance of this length may be arbitrarily selected 
impedance matching circuit conductive strip 25 at the collec- with the resulting remaining impedance for the parallel corn- 
tor of tht i transotor 24, it is necessary for the point of connec- bination being provided by adjustment of the relative dimen- 
tion of the stub 28 to the strip 25 to appear as if it were a « ^ ^ ^ , r to obtam ^ desircd matchi j mp edance to 
quarter wavelength away at the second harmonic frequency the 50 ohm load 23. These adjustments, however, have no af- 
from the collector of the transistor 24; If the stub 27 were not feet on the open circuit conditions presented to the input at 
present, this could be accomplished merely by making the the left and of the strip line 25 for the second and third har- 
combmed lengths l t and I, equal to the length I, which is a monic frequencies. 

quarter wavelength of the second harmonic frequency. The 30 The microstrlp impedance matching circuit described may 
presence of the stub 27. however, must be taken Into account be utilized to couple cascaded amplifier stages or may be used 
since this impedance of this stub is connected in parallel with to couple an amplifier stage to a filter stage in the manner 
the impedance of the length I, presented to the collector of the described. The stubs 27 and 28 may be placed at other oosl- 
transistor 24 at the .nput end of the conductive strip 25. tions on the line 25. if infinite input impedancHT ftese 

From a Smn* chan, copyright 1949 by Kay Electric Com- " frequencies fa not desired The exact ^ 
pany Ae impedance at the mid-point of the junction of the be adjusted for optimum system performance and loS 

Js?i or Ti%5£ TtT" 25 TV V 0 51 J stubs to P resent a ^ntiaHy^open circuit condSto 

(30) or +j 17 2 ohms, and the impedance looking into the signals at the harmonic frequencies applied to the inout of the 

providiriganopendrcuitforthesecondharmonicattheinput 65 S^arKSnJIeS 

to the left end of the strip 25. Calculation of this impedance ^Mtaom^Bmm^OtseiAaen hoc ii_j— 1 .1. 
«l*nsh™th«thfapar^ monic °^cZ ffXfSK? ^2?,^ 

ohrns.1 rthe^characte™t.cimpedanceof the length 1, is chosen wavelengthstubs to provide the short circ^iteTthe han^onfc 
to be 30 ohms the short presented by the second harmonic frequencies, it Is apparent that RF grounded ItubsT half 
stub 28 at the junction of the mid-point of this stub with the 70 wavelengths a, the haVmonlc WwcK could £S£ 
main strip line 25 must be transformed to -rj 8.6 ohms on a 30 produce the same results. ^mm*w£n^ZXi~ 
ohmlinebr8.6/30-0.2 8 6.Asacon^ue„ceti,e.engthof., preferable, because tne^ , 

w\vfr „T h ,ne / ,t 0m 8 ^k* ^ eqUal ,0 0 044 ^"nittmgamoreconvactlm^^^ 
wavelengths at the second harmonic frequency or 0.022 open-circuited quarter wavelenoth rf« • 
wavelengths ; a, the fundamental frequency. As sLed prevl- 75 a&tionaTS^ 
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used, it is necessary to terminate each of the stubs to ground 
through an additional capacitor. This results in increased cost 
and additional assembly operations. Furthermore, the opera- 
tion of the impedance matching circuit over the band of 
frequencies immediately adjacent the fundamental frequency 5 
is better if the short circuit terminating stubs are kept as short 
as possible, since the shorter stubs are less frequency sensitive 
than longer stubs of the type which would be necessitated if 
the half wavelength stubs were employed. 

In the foregoing description, the specific example con- 10 
sidered a microstrip line having a characteristic impedance of 
30 ohms, which is a conventional line width commonly em- 
ployed. Different characteristic impedances, however, may be 
utilized if desired. The impedance matching of the circuit at 
the fundamental frequency then would be dependent on the 
characteristic impedance, on the length of the stub 26, and on 
the impedance presented at the fundamental frequency by the 
short circuiting stubs 27 and 28. The characteristic im- 
pedance, however, of the stubs 27 and 28 is of no significance 
at the harmonic frequencies since the lengths of the stubs are 
chosen to present short circuits to these frequencies at the 
points of attachment of the stubs to the conductive strip 25. 

An additional conservation of the physical dimensions of 
the impedance matching circuit, including the harmonic ter- 25 
mination stubs 27 and 28, is effected by placing the third har- 
monic terminating stub 27 nearest the input end of the con- 
ductive strip 25, since a shorter stub is required to terminate 
the third harmonic at the collector of the transistor 24, the 
length 1) must be equal to the length 1 2 . Thus, if the stub 27 is a 30 
short circuit for the third harmonic frequency, the length 1 ( is 
shorter than if the stub 27 were to provide a short circuit at the 
second harmonic frequency. If such a conservation in the 
dimensions of the impedance matching circuit is not desired, 
the stubs l 2 and U shown in FIGS. 2 and 3 could be in- 35 
terchanged, with the length I, then being increased to equal 
the length \ 4 . 

Because the particular characteristics of the microstrip cir- 
cuitry can be relatively accurately controlled in the manufac- 
turing process consistent reproduction of the device is possi- 40 
ble. The predictable characteristics of the microstrip circuitry 



294 

6 

described above are considered superior to techniques utiliz- 
ing lumped circuit constants since control of lumped circuit 
constants is more difficult to implement. 
We claim: 

1. A microstrip impedance matching circuit for coupling an 
RF amplifier, operating at a fundamental frequency; to a load 
including in combination: 

a sheet of dielectric material; 

a conductive coating on one side of said sheet of dielectric . 
material; 

impedance matching circuit means including a conductive 
strip having an input end and an output end on the other 
side of said sheet of dielectric material for coupling an 
amplifier to a load; and 

first and second open-circuited stubs connected to and ex- 
tending substantially 90° from said conductive strip, the 
length of said first stub being selected to be one-fourth 
the wavelength of the second harmonic of the fundamen- 
tal frequency and the length of the second stub being 
selected to be one-fourth the wavelength of the third har- 
monic of the fundamental frequency, said first and 
second stubs being connected to said conductive strip at 
locations presenting substantially open circuits at said 
second and third harmonic frequencies to signals applied 
to the input end of said conductive strip, with said first 
stub reflecting a short circuit to signals at said second har- 
monic of the fundamental frequency at the point where 
said first stub is connected to said conductive strip, and 
said second stub reflecting a short circuit to signals at said 
third harmonic of said fundamental frequency at the 
point where said second stub is connected to said conduc- 
tive strip. 

2. The combination according to claim 1 wherein the one of 
said first and second open-circuited stubs which is connected 
to said conductive strip nearest the input end thereof is spaced 
from said input end by a distance equal to the length of such 
stub. 

3. The combination according to claim 2 wherein said 
second open-circuited stub is located nearer the input end of 
said conductive strip than said first open-circuited stub. 

*♦*.*#-' 
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